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Abstract of JP 2003158499 (A) 
PROBLEM TO BE SOLVED: To obtain a 
communication method capable of realizing 
enhancement of system throughput and 
enhancement of transmission power efficiency as 
realizing satisfactory state estimation of a 
propagation path and sufficient compensation of 
transmission power efficiency, SOLUTION: Sn the 
communication method, communication is 
performed by using a multi-carrier modulation and 
demodulation system and furthermore, when at least 
any one of a modulation system, encoding ratio and 
information transmission rate are adaptively 
changed to sub-carrier units, at least any one of 
positions, the number and power of the sub-carriers 
(pilot sub-carriers) to be used as pilot signals are 
changed in accordance with the adapted modulation 
system, encoding ratio and information transmission 
rate. 
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imm 1 3 v/Uf-^f-y 'J TSMKx^fflvvcfflfi 

sots*, w^itm. mmB,mmm<D^j:<th^^ti 
[if *ji 2 j m$m%.co*ry*c* y y*fi& , <n 

[If 3 3 WEJSJtWr** U T#fi£ , «S<7) 

yy* ^ y rmxmm^ti^y^y vt-thztzm 

[ 4 ] miam^y y # y r #fi i , jh-<o 
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«707b. *-*>7^-a, 4jtefctffiK<3«*7 
l — A , f: -T 4 i t tT*IIHS|| 1 (dettcOjUg 

& < t i> t ^yfxy loj, J£— v y stOt- £ Jjifi t L T y 
yjf -v u rft. *$^y#/>£#fi2: Lyyy^ y r 

n «y h £ Jp.fi c; Ltt^Y U Tft. *— 7 

fiHTt^'jrft, sic^p-A^mfi 
t LTyy* ^ y rm, icmmH&atr&z. t zmm 

&< k.t>^-«Li&»iot. v-y?nvp^#fifc try 

TVWKft, ^^>^Sr4l.fit l/cyyA'yKft, 
1-^07 h £i£fii; LTyyAy Kft, SScxn -y h 
£#fit L-T-tfy^yFft, 7^-A£Jp.fii: LT 

y r^fig. a. m^oy^ <ti> i^>tn 

1 o SrSGfr & i 5r#® t y £5111778;. 

cat** 9 3 t/h^t+ y rmmm-jf^m^xmm 
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zzk zmmtir&fflimwi. 
rii^ifl i o i y r*fi^ , *— 

[fi^JS i i 3 tuiSETr^!f 7'^ * y rmfi^ s e« 
coy * y r n s y y^> p t y s c t $• 

t h^->-?nfy i o& , m— ^yijot^ijifii lt 
; ^-ydr^yrft. sa^y^/k^mfit tyyy^y 
rte. *-xn >y h &#fifc tryy^-r y 

xu>/ NSr#fit Ltt^-v'JTft, m— 
: y-^r< fc i> ^yixy l -oSr . m-^y#;k^#-fifc L-T 

: -9-7- a> h* . mm^ soKwtitffifc Lty y^> h 

ft, ip.— An^y hSr^fit Ltf7A'yh*#, «Un 
•y hSr*fit LTt7'A>F«, #— 7 V-J>.t:mtLh 

t7A> Kft s fcswEWfcsaer* - > & w s^y^w 
*Jl9fcie^o3ifi^s„ 

~t&m$sM 9— 1 4 mvftifr — ^zmmcommmm, 
1 ^syy^^ y rofis, a. «7j^y^< t i^y 

[00013 

r v-x y A^o^^ifi ^ * y a r — 9 m% % 

n 0 *d^)3«a*t6teBiT5 1 <7)T-fe y , mz , ofd 

M (Orthogonal Frequency Division Multiplexing) 52 
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[00 02) 

ii7/tXyXfA (Hi SWAN a) IWggfe 
(«) SfifO. 3Kj«fcK(^t (T* 12^10^1 
20) ti^titv^OFDMIIi^^n-y M 

[ 0 0 0 3 ] H 1 5 fcfevve , l f±y>M n »/ h^7"^- -v 
•JTT* 1 ?, 2(if i -^-*f7"^ J r ! JT-C'S)0, >Mo-y 

[0004] -HRttfc* JtW^^tiHWEIBTceilH- 

iOSif. ^<7>£A6. OFDM^flM^rsttli. Hi 5 

[00 0 5] 

aaw)3»i*ffiK » -5 t ii . -r^r 7* ^ y r 

VjT-'nM n >y t~-9"7"=¥^ ! J T$it$£WU a -y 
^<J71* t « «» , JBSdRSfttt 7 x - v*y 

0+*=firfi'Wb«IHf«*Jfc ( S N R ) 
a*» ^ flSrlr vtf- 'J T & i k 0 , 

tt^-ffc-T 4 . OFD M3t»6r*K:*S I ^T^-T 7"^ 
**» & *t=5r v -v >J T & i k tf* * "9 , * <0 

[0 0 0 7] +#3*fi»»<0««£fT Sfcifcfc 

D7 h^UTOSNR<^rt!±^WT&£» L^L^T 
jt*£>, ^tfoafi^rjStcfcv^Tfi. ->Mn-y h^-r yr 
O S N R £ fo±S HtbKJ U n -y Mrr* U T« 

£ m± s ■£ s fc*>fcy <-f o 7 b ^y^f * y £ tiJn 
k » jlftm^^^ffiT-r-S. . k v ^ l8MS*»*o 

[00 0 8] £0&SMSIi, Jitai;ffi^T*^^ci<7)T- 
S:*3iLoo, yAfA^^-7'7 h«f*]±.jo iWtffi 
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[0010] or^BJt;^j&^M«*^K*)oTtt, 

-r ! J rms & , m— -v u r k 
[ooii] -pS?«»q!fc:3&>*»*att3Mfefc*-5Tli, 

t'«j^^^s^7Vn> Kkf k -rs . 
[0012] -o ^<?ym%zfrfth mimrmz &~>x\±. 

«M*^>'^, #-^D7h, ffiS^1SS!(^n>y 
■&ikSr#SJk-ri.. 

[0013] r>?<OftHB(o6»35»&3ifltfrJ£fc:*-5TJi, 
h^#iak LT-9-7'^^'JTft. tiXo 7 h^mek 

tT-f^^ 'jrte. m-^u-A^mak lxv?* 
u rtt. cao6wicaaw& i k s- mtt -t & . 

[0014] ot'oi%Bj^^afa>j^'^S>oTii, 
*HoJ, ^— ^y^'/l-Sr-i-fik LTf-^V^VKft, IS 
LT^ry^Vh'^ SSRAn-y h**fi[k kT^ 

7AyK#, Lx-fy^yvm, 

IGWfcSEK-Ti i k &!ffMk-rS . 
[0015] o?^)»Hafc:jW(»&iIft*ffiK*-5TI±, 

mts^y^< t hivrtup 1 ott^ ^ k ^^k 
[ooi6] ^#0iffl}£.ipfr&mfcfjmzti'>xit* 
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#fik LT^7"vs> h'ft. Ilxo >y h %m&b L'ty 
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[0023] ^nmtizfrfr&mmmmzm^x . m 

[00 24] Ojf*Ofl6BB(£*»3&»&a^ai(Cfc -5 Tii, 

^•rii^io^smmrt^-f^gep^s. sfes^ 
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[0026] mmmm 1 . h i ^^jc^sii 
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& mm; t 9 * - * ftinpas 6 i=*t l x mm-t & . ess/ 1 5 
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[0030] *^i«^^STii, o f DMggmiiSr^fc 
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[00 3 1 ] fcfcitf, B#IBJt ( 1 ) W/^fY^fc 

iiBP sKjan^^jwHSfut^^ y 7^30* 
y , Btra t ( 1 > <rm *} <r>-*r~r* -r y r tz\± qpsk^ 
mjr$;&mm£tix& y . ( 2 > coif y r 

fc;t±B P S K^li^-jt* f affl$iX^-t7"^r -V y 1 O 
fc y . BMB-t ( 2 ) O-t y TKI4QP S K 

^mu^mm^ixrz^i-mkLxmm-ti>. & 

ti, BJiJ*^CM*R147 x - i^V^f ttcoau BPSKS 
■y ht7'^^ y 7»5fe«<9 

«gT'# £ Q P S K^W^^B P S K^ff-Jf 
sftJ: 0 fcSEiHHM^^S^^at^S^-f a-y h^-y 

[0032] LJt^oT, Btrat ( 1 ) Xii. BPSK 
SStfr^WSiffl ZtiX v 3 ootf y df t'J7^ M n 
■y Nt7^f -V 'J T fc L, . IIMBt ( 2 ) Xii. BPS 
HftftWlUfl SiiTV^iloW^irllTt, QPS 
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[00 3 3] iCDi 3 tc s *Htf^»ST't±. 
A* y Tt^vcafflSftftSMffaSKJiE tTVM U «y I- 
^7"df -v 'J 7 J; tfR Sr£3£t ftittiO.^ 

tt, ±IBIB« fBPSKf) co^ms^im-th i t 

[oo34]oi"c. ±mnmmm i ^ 
t, y TfcjtfflSixfcsartrsSfcystTvM 

f DM^antfi*^^ -V y tiih^hhs^isit 

1)0, 13 iix- ^"fT*^ -v y TT£> 0.14 W U u 
»f ( 3 ) , f ( 6 ) f)f^+ y 7^^ O -y M/-7* 

^■jr?**), n#rat ci) commit <3> . f 
( 6 > «4Q p s K^M^rS^fflSiiTfc y „ t 

{ 2 ) WiftfCf ( 3 > , f { 6 ) JCli-eiX-fft 1 6 Q 

am, bps K^m^&mmzivc ^ ft „ 

[00 3 5] U^t. BJHi^«ti7x-y^^ 
WttO^V >BPS K3EW5ra£j&*^S*lfcllOT t ( 2 ) 
fcfctt&jaiftj&f (6) OAMn'ybf^t'JTIi 

lx i> mtjtteSBWttait ftjrc * ft 

MM n >y Mf7** 'J T**J*Mfcr. — 

BIRtt 7 £ - : J y 7W&fOM\ U6QA mmm-i&ifim 

ms*ifc««t ( 2 ) e*jit6jBi»afcf < 3 ) n 

>y M^r^f + y TJis o >y MfT"^ -V y 7«7J 

^t-ifcfyMn-y b-y-7"*^ y rosNR^i.? 
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[ 0 0 3 7 ] KJUb. 3(s^flfic?)J^BCtJV^Tti, >M n y 

-i n b-f 7>-v y rcomyj £ «nKfc-*"£*£\ fcov^ 
ft. MzXK). V£&ktiMlX, i^-rAXA— r-y 
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-ri. . awat^jwircii - ofd wsmm^z.a \ \x 
[0041] titia. tmt ( 1 ) fc*s^r. m&s 

f (1) tf (2) tf (3) , Jll^f (4) fcf 
(5) fcf (6) , MiSiStf (7) if (8) if 
(9) «W7"A'yKt, ^^BPSK^IS* 

^, QPSK^iM, BPSK^p^^arfl$tlt 

[0042]$1C, »^life»Ktt7x-^>^!tf-tt 

f (2) t f (3) , f<7)tf(8)tf{9)<0 
#^7V^y mm o>y h^7*^f^ y 7Tfc6*a«3r<T 
tl*»ftfce«H«ia*«S&!?'* *<0T, ^M o >y 

^■YurBttJBaafcf ( d . f (7) oiot-r 

ft. »2fc. BPSKStKS^tCifc^, WJajftmSKtt 

7 x-y>- yw&^m^Q psk ^f^^Bffl^^ 

ja^f* f ( 4 ) tf ( 5 ) f { 6 > «t-/A> K«4> 

[0043] »r<^j; 0 iz^ *n{fttf0^T(i. -tf 
K#£mM p 'y MfT'Jf-r y TOffl:H*J ±tflR*^3Efc 
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[0044] KLh, at^t*«WlllCfeV^Ttt, OFDM 

jsEtx „ mm o -y F-r/^-r y r<ofi3tiits«ktfic£ 1 *iSE 

7 y b %*Ml,zft±.Zit& Z k &X*% * . 
[ 0 0 4 5 ] SriK *Mfe£7)m^fc^T{±, MM U>y 

saw- &zkkLzi>£\\ z. corner. ±mm, ma 
xvmMMw^imMmmjmmzu^mmxim 

ZtlMZk*). ffi*kJ£^LT. yXfAX;^ 
7* -y F , j^im^I^^^ < t %> t V**ftj&» 

[00463 ii«fl3 . H 5 i4. »ff^S 3 «il 

ft^TCfflv^tftft o FDMSWOI*^^"^ -r y r 
a >y f+j-7^ y TX"h o . 1 9(4-f-^- ) f^^ y r 

;\M a -y F ^T^f -v U TO«7J^ U ^ t <0 k ft « 

[00473 *sHffi^ffioafi^<?>i6#fc 

Ttt, Sfir^T-^8T'^t?X">fdf-f-^^. 

(ttffi> u *«tt^sut«ii»3fc*ri/t:»srt- 

LTil*n-tft. 

[00483 Lt, S3tSB 7 T'«. J^TtCij^f*!** 
^®cO»f*&^->T, MM n -y F ^VrfOU-^A 

[00493 fck iff, BTfflt ( 1 ) Jyy* 
P S KSBPIJ6r*WafflSn. USB t ( n + l ) *» 

ft i^tfVHtQP s K38H3n*#»BS:h."C uft 
[ o 0 5 0 3 mi (c, i-s;v$'Wtt 



tt4 ft S^#;Wi, ^M n y hV~f** V 7tR**^< 
T fc*M*fc€sJMMftR£ii)£T # *<0T, ^M o -y F 

t 7"^^- y r& 4-^7*#^ y nspit-ffia-rft . si2 
bps K^m^^it^, ismMms^tt^x-y 

(n + 1 ) 3&^Mtft^Vd-0Ki, MMt?-y F^-7"df^ 

fto 

[00 5 1 3 5 K, (WBMKii. ^>-^';f 

ftiktiy, ^Mn-y b yytfil-co b—? JlMZ^Zi: 
<U. i/^fAXA^-r? FSrSl±§-tt-ft. 

js«m^Ti±. ±iaie*£^^iMi*5S: traffic ft - k t l 

a -y FIT-y^ 'J TOfiBfc «tt>*»:ov>-r tttS 
b-th. 

[0 0 5 23 £Ui, *IW<^BJBfcfev>*cti» OFDM 

S3g-T&*&, ^>-^*fitjgfflt-ft^ii!^KJtBt 
T . a >y FT7^ -v 'J TamWB XlfW**lMz-f 
ft. ^^a;J;0. i:5£kit«eLT. -/xfA^^-r-y 
F Sr^itift|±3^ft i k * J T'§ ft . 

[oo53]^, ^mmtmmitz&^xii. >u uy 
b *ry* <f y r ^firgfc i txsfc * ^ k -r ft «^t=-^v » 

Tira^fT^^, iiiKR^i', ^.yy^Mzii\^X 

mm^titiwm^izmtxj^ n-y F-^y^-v y to 

jg-f ft i k k LT t> i Ll^-^r. ±KfiS. »te J: 

^7J«)?fMO^I&*MSttffi*«^KHTffiSk 

-Tft. ^iifciO, f«ktbKLT. 

-y F , iMfiS73^«^ < k t> u-f tis 1 1 o£ [ft]±$ 

•^ft^k^-e^ft, 

[0 0 54] 4fc 4 3#^at<^BIIIT(±s ^ii*"^Sr^>' 
jJf/HlffifcjiiGWicSaw ft-^k k k^#\ Cix^S^ 

[0055] n5fio^Hi4 . H6t3u mm^mm4com 
mzmx-m i.^4ofd motmw^^ y r 

o -y F-^-y^^ y tx-$> o.22 jir-^ir^* y t* 

-C$>0, 2 3iil^y*';FT"Sft<, sfir*J, i-T1±. # 
[00 563 - 'T\ *^M^^ffi^afS^KOlM^C 

mvmmmm i i^btc* ft st«>. pf— 
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ainsu 3 fc*ti/c swart* . jc - ^M«iff 6 -e 

* < 

[ 0 0 5 7 ] <e LT , ^tSgfl 7 Tli, WTfc^*»fc 

■t&. ^mmcofBmxn. oFDM^warasctjivt 

[oo5s] ^tiif, mat ( i ) a^tt**^* 
/K^jBaasf < i ) , f (4 > . f < s > , f (9 > - 

f(2),f(3).f(6),f(7),f(8>- 
#}i* vytfVuo JiSdRf ( 2 ) , f (is) —<W? 

( 1 ) , f (3) , f (4) , f (5) . f (6) , f 

(7) , f <8> , f (9) "-teQPSKsai^aqi 

ffl**rO*S*££--M4: LT»t*o 
[ 0 0 5 9 3 m 1 (c. «HB t '( 1) * 
oJlHHRf < l > , f (4 ) , f ( 5 ) , f { 9 ) erf 

BPS K^M^^iifflSirT^SOT-, ^M" P F+>" 

(D,f(5),f(9) cn^y^-v u TJA'-f o >y 

[0060]^2t, B$fflt (n+1 ) *>£>&?£* i-y 

#;^js*itf (2) wm^yrit inmK 
1*7 x -^v^wtt^a^B p s Kmnu^mm^n 

5. ^ZX\ mmWtf (2) W^t'iT^^D'y 

-if * ij bps K^is^tJt^. mmm.mM 

ft.TV*4#,. »:BP SK«?3^:W§ffi£it*^7''^ 
^UTaWftRf (18) b%-?X^Z>tdfi>, ;uv>y 
hy7* + 'J riB3HI*y:S < * 9 f 3T * tf>& jilt* fcfc 

coo6i] z<?)<k a ■^mmmmx'it, is>x>v 

tcj; 0- ^Mn-/ h^y^/l^F™^/!^^^: 



[ 0 0 6 2 ] jsjli=., ^mmmmiz^xa, o f dm 
seaaftsraJitefcv^ ^ytf/t^mfti: lt-9-7"^-¥ u t 

^mZ't& o -IfUCi 9 , «*hjt«LT, y7fA7 
;l~7° y h fr^«fc|*i±S*4 i t * . 
[ 0 0 6 3 ] ^M^ffit-fev^Tfs. n >y 

^ ^Tsaffl $ fLtz^m-niz^m^x ?m p Fw^-^y 

Tco&M. M& J: l^m* OiJ«flr < fc v 1 o Sr^ 

*. ztitzx*). m&ttmtx. -/xtAx^-r-y 

[0064] **f*^ff^ri±. #-f7"^ y r 
o^^sr. yy*>s-#fit vx^ysr^vrmz 
mmmiz^wtz ztt Ltt\ ztn=mt>-r^ at t 
if, ^^>^Sr*fitfc tr-t7"^f^yrte. ^ 7 

f LT-9-7-^^ y r«f, maxu - y 1- ^mfitt 

ft, te3Qt$-&£fci:l/CiJ:V*. 
[0065] Htt<^IX5 . B7 Il©fI5Wl 
«*&Tffl I O F D M^flliTf r'J7 

P>y ht7^^iJ7t'$>0, 2 5i±-f-^Ht7'^^yr 

y sm o »/ i- ^7-'^f ^ y r wm^j i s fL^^tti., 
[00 6 6] ::tr s *njficom%cojift^5cDilj^t 

mmmmm 1 t rikt-* * t«>, 

Lx&^y'^vviz&^xixMizmfotit^m 
nan 3 fc*t l t * . g 5 ^ - ^ mmm e x- 

»i, teWtt^figM5iDft^MJ||lrfflv^'C, ^y*> 

#s(c#-y- 7-7 s; >• h -catffl-f - 5 3Eit*n*«fis3&' ^ * ~ 

[0067] * Lt . saw 7 T 14, KT^^*^I 
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[0 0 683 fcfcitf, ^Hlt ( 1 ) j^fctt**^** 
;POT7^yF ( 1 ) , +r77\>F (3) tcBPSK^ 
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